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Abstract
Football boots are marketed with a specific performance feature focus, for example, power boots are marketed for optimal 
shooting performance. However, little evidence exists on the impact of boot design on shooting performance. This study 
assessed the effect of upper padding on shooting velocity and accuracy using a test–retest reliable test setup. Nine university 
level football players performed a protocol of shooting to: (1) maximise velocity; and (2) maximise accuracy in football boots 
with and without upper padding (Poron Memory foam). The protocol was completed twice; the non-padded boot results were 
used for test–retest validation, while the non-padded versus padding results were used to investigate the effect of padding. 
Velocity was assessed through actual ball velocity, percentage of maximum velocity and perceived velocity. Accuracy was 
assessed through radial offset, vertical offset, horizontal offset, success (goal/no goal), zonal offset and perceived accuracy. 
No significant differences between boots were observed in the velocity measures for either velocity or accuracy focused shots. 
Significant differences between boots were observed in vertical offset for both accuracy (without padding mean ± standard 
deviation − 0.02 ± 1.05 m, with padding 0.28 ± 0.87 m, P = 0.029) and velocity (without padding 0.04 ± 1.33 m, with padding 
0.38 ± 0.86 m, P = 0.042) focused shots resulting in more missed shots above the goal for the padded boot (without padding 
41–43% missed, with padding 56–72% missed). These findings suggest the addition of upper padding has a negative impact 
on shooting accuracy while not impacting shooting velocity.
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1 Introduction
Technological innovations are frequently introduced by 
sporting goods companies in an increasingly competitive 
and continually changing global football footwear market 
as a means to distinguish themselves [1]. Football boots 
tend to be marketed on one key performance characteristic 
(e.g., shooting power). Despite the advertised performance 
benefits, little research has been published on how design 
parameters impact a player’s performance along with reli-
able means to assess this.
Shooting performance in football is determined by two 
key factors: how fast the ball moves and how accurately it 
reaches its target. For ball velocity, studies have assessed 
either the general impact of using different marketed boot 
designs [2–5] or the impact of specific boot parameters 
[6–10]. Studies utilising different marketed boot designs 
have reported conflicting results; significant differences 
[2] and no significant differences [4] in ball velocity have 
been reported, while others did not include any statistical 
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comparison of ball velocity [3, 5]. With little control over 
the specific design feature differences between the marketed 
boot designs used, these conflicting results are perhaps to 
be expected. In more controlled studies, boot mass has been 
found to have no effect on ball velocity [6–8]. An increased 
toe box height has been found to reduce ball velocity by 
up to 2% [8], but it is unclear whether toe box height was 
the only design parameter that differed between the boots 
used. Upper friction, defined as ‘low friction’, ‘regular fric-
tion’, ‘high friction’ and ‘very high friction’ (with no upper 
material frictional properties included), demonstrated ten-
dencies towards higher ball velocities using the ‘regular 
friction’ upper (P ≤ 0.07) [9], but without quantifying the 
upper material frictional properties these results have limited 
practical significance. In a comparison of soft ground, firm 
ground and two trimmed length (50 and 0% of original stud 
length) studs on artificial turf [10] significantly higher ball 
velocities were obtained for the firm ground and 50% length 
studs, suggesting that stud length and, thereby, traction can 
affect a player’s ability to generate ball velocity.
Fewer studies have assessed shooting accuracy. Hennig 
et al. [11] compared radial offset from target for five boots 
and a barefoot condition with significant differences of up 
to 13% observed. Kuo and Shang [12] investigated the effect 
of lace location on radial offset, with laces located either 
‘inside’ or ‘outside’ found to produce significantly more 
accurate shot outcomes compared to designs defined as ‘lace 
on the side’ and ‘laces cowered’. It is unclear whether lace 
location was the only difference between the boots assessed.
None of the above-mentioned studies applied a test–retest 
validated protocol. Moreover, all of these studies attempted 
to assess either ball velocity or radial offset from a target 
and not both together. The speed-accuracy trade-off the-
ory by Fitts [13] claims that focusing on one of these two 
parameters will impact the outcome of the other. The speed-
accuracy trade-off theory has been demonstrated in football 
shooting with increased ball velocity leading to decreased 
ball accuracy and vice versa [14]. Another limitation is 
how offset was assessed. All studies used a radial offset 
measure; direction of offset was not considered despite its 
importance in football potentially differentiating between a 
goal and no goal. Protocols assessing shooting performance 
with a focus on the players’ skill level have previously been 
validated [15, 16]. Ali et al. [15] applied a point system for 
marked scoring zones to assess accuracy, which is difficult 
to contextualise and, therefore, limits the practical applica-
tion. The study also lacked a measure of ball velocity, and 
therefore, the speed-accuracy trade-off may have impacted 
performance. Russell et al. [16] assessed radial offset using 
two-dimensional (2-D) video analysis, assessing the goal 
from a single frontal facing camera. It is unclear how the 
frame corresponding to the ball crossing the goal line was 
identified for assessment of radial offset. Furthermore, the 
assessment was based on 50–60 Hz video resulting in large 
frame-to-frame ball displacements (e.g., at 22 m s−1 the ball 
moves 0.37–0.44 m between frames).
Football boots marketed as shooting performance focused 
have, since their introduction in 2013, been designed with 
the distinguishing feature of additional upper padding (e.g., 
Puma EvoPower, released in January 2014). The effect of 
added upper padding on shooting performance has yet to 
be investigated within the scientific literature. Thus, the 
primary aim of this study was to assess the effect of foot-
ball boot upper padding on shooting performance (i.e., ball 
velocity and accuracy). The secondary aim was to assess 
the test–retest reliability of the protocol used. The setup was 
structured to be easy to apply and demand no more than 
two researchers to run yet be ecologically valid and pro-
duce transferable results. A better understanding of design 
requirements for optimal shooting would benefit both the 
industry and consumer.
2  Methods
2.1  Participants
Nine skilled male football players (age mean ± standard 
deviation 22.8 ± 2.1  years, stature 1.77 ± 0.03  m, mass 
71.1 ± 4.5 kg) were recruited from the University 1st football 
and futsal teams competing in the top division of the British 
Universities league. All futsal players had a history as a foot-
ball player prior to University and all players recruited had 
9 ± 4 year experience of club level football. The number of 
participants was selected based on similar within-participant 
assessment style football shooting studies [16, 17]. None of 
the participants had suffered from match-preventive lower 
limb injuries in 6 months prior to testing. All participants 
were UK size 8 and right foot dominant, which was deter-
mined by asking participants which side they preferred for 
kicking. During the test, participants wore the same brand of 
new football socks (Umbro Pro Tech Ankle socks) to prevent 
the socks from altering the participants’ sensation of the 
boot and ball. The study received ethical clearance from 
the institutional ethics committee (Ethics Number: G16-P5) 
and each participant provided written informed consent in 
accordance with the requirements of the Helsinki Declara-
tion for research using human participants.
2.2  Football boots
UK size 8 prototype football boots were developed by 
Umbro for the test (Fig. 1). Fit was ensured from verbal 
feedback and palpation prior to testing. The boots had a 
similar smooth white synthetic upper, central lacing and a 
black firm ground outsole similar to the Umbro UX2. Mass 
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of the unpadded boot was 0.211 kg and of the padded boot 
0.216 kg. The boots only differed in upper padding thick-
ness; one boot had no padding and the other had 8 mm of 
Poron memory foam padding, which was added during 
the manufacturing process (Fig. 1). Boot upper hardness 
was assessed on a size UK8 foot last using a digital Shore 
Durometer A Scale (range 0–100 HA, resolution 0.5 HA). 
Shore A at superior toe region of the unpadded boot was 
66.2 ± 0.8 HA, while the padded boot was 60.0 ± 1.6 HA and 
the central instep region of the unpadded boot was 58.5 ± 0.4 
HA, while the padded boot was 46.3 ± 0.6 HA. Poron mem-
ory foam padding has previously been used for padding in 
football boot designs [18]. The experimental design lim-
ited the study to two thickness conditions without fatigue 
becoming an issue, while the study aim indicated that these 
should represent the extremes of what might be practical 
to include in football boots. The boots were masked such 
that the participants were not informed of any differences 
between boots, i.e., a blind study.
2.3  Experimental design
The study followed the Okholm Kryger et al. [19] study 
design with test–retest and boot comparison merged together. 
Players participated in pairs to allow peer competition as a 
motivative factor. The pairs took part in two sessions of 2 h 
duration separated by 7–14 days. Each session comprised a 
standardised warm up and familiarisation of each drill per-
formed in the player’s own football boots. Thereafter, the 
main test session comprised 10 shots focused on shooting 
accuracy in each boot (randomised order) followed by 10 
shots focused on maximum ball velocity in each boot (ran-
domised order)—totalling 40 shots per participants. The two 
players alternated every 10 shots to minimise fatigue.
Tests were performed on the same goal on an outdoor 
third generation artificial pitch (LigaTurf RS + CoolPlus 
260, Polytan, Burgheim, Germany). In brief, the pitch had 
a 25 mm in situ rubber shock pad, the carpet fibres were 
60 mm monofilament polyethylene and the infill comprised 
15 kg m−2 sand and 15 kg m−2 rubber crumb giving a total 
infill height of 41 mm. Pitch testing conducted immediately 
after this study using the FIFA Quality Concept method-
ologies [20], gave a force reduction of 69.6 ± 1.5%, vertical 
deformation of 11.4 ± 0.5 mm and rotational resistance of 
31.9 ± 1.3 Nm. Tests were only performed under dry and 
not windy conditions.
An Adidas miCoach football (Adidas, Herzogenaurach, 
Germany) (diameter = 0.220  m, mass = 0.43  kg, pres-
sure = 0.9 bar) was used for the tests. Pressure was tested 
before and after each session with no measurable change 
during the session. The Adidas miCoach football was placed 
with the manufacturer specified orientation for each shooting 
instance (valve facing kicker; middle arrow facing towards 
centre of target). Using the same target point on the ball for 
each shot limited the risk of the ball impacting the results 
[21, 22].
The ball was placed for a free kick scenario 16 m from 
the goal and directly behind the penalty spot (Fig. 2). Play-
ers used a repeated but self-selected run up. The test shots 
were used to determine their preferred run up pattern for 
accuracy and another set of test shots were used to determine 
their preferred run up pattern for maximum ball velocity 
shots. The start position was marked with a cone and par-
ticipants were instructed to repeat the same run up for every 
shot. The start positions were recorded and used again for 
the repeated session to prevent the run up impacting shoot-
ing performance [23, 24]. The top right corner of the goal 
was used as the target point for both accuracy and velocity 
Fig. 1  Plantar and dorsal views of the (a, b): non-padded boot; and c–f Poron Memory foam padded boot, where e, f is the dorsal and medial 
view with the upper padding zone highlighted
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focused shots and was approximated as 0.11 m lower than 
the bar and 0.11 m inside the post, based on the ball radius 
being 0.11 m). This target ball location in the top corner has 
been identified as the best one to beat a goalkeeper when 
shooting [15].
To enhance ecological validity yet respecting that chang-
ing technique can impact shooting performance [25], players 
were instructed to self-select but apply the same kicking 
technique for every shot. Boot-ball impact was recorded 
using a single high-speed video (CASIO EX-FH1000, Casio 
Computer Co., Tokyo, Japan; 420 Hz, 230 × 170 pixels; 
barrel distortion ≤ 0.1%). Within-participant consistency 
in technique was visually assessed and any shot varying in 
technique was excluded.
Ball velocity was assessed with TrackMan Football 
(TrackMan Golf, Vedbaek, Denmark) placed 3 m behind 
the ball with a 0.5 m offset at the opposite site to the run up 
(e.g., right for right-footed players). The system has previ-
ously been validated for ball velocity assessment in football 
(Bland–Altman mean difference of − 0.46 m s−1 and limits 
of agreement of − 2.34 to 1.42 m s−1 when compared to a 
Vicon MX motion analysis system capturing at 400 Hz) [26]. 
Offset from target was recorded using two GoPro HERO4 
Black cameras (240 Hz, 1280 × 720 pixels; GoPro Inc., San 
Mateo, CA). One camera, rotated 90° to allow portrait view, 
was placed 9 m from the goal post, 1 m above the ground, 
and along the back line to identify the moment when the 
ball passed the goal line (Fig. 2). The second camera was 
placed 15 m directly in front of the target, and at the height 
of the target to capture ball offset from the target when the 
goal passed the ball line (Fig. 2). A spirit level was used to 
ensure the camera was level and a laser was used to ensure 
it was facing the target point. Pilot studies demonstrated a 
pixel size of 0.008 m pixel−1 and a maximal barrel distortion 
of − 2.1%. The two cameras were controlled wirelessly by a 
GoPro Smart Remote (GoPro Inc., San Mateo, CA). A man-
ufactured light sync device, with four light columns chang-
ing at different speeds (1 = 1 Hz, 2 = 10 Hz, 3 = 100 Hz, 
4 = 1000 Hz) was placed in the vision of both cameras to 
allow synchronisation of the images.
To assess participants’ subjective perception of perfor-
mance, a questionnaire was included. Participants com-
pleted a 7-point Likert scale after each shot evaluating the 
player’s perceived performance. For accuracy shots, par-
ticipants were asked to score the accuracy of their shots 
(1 = ‘extremely accurate’ to 7 = ‘extremely inaccurate’), 
while for maximum velocity shots, participants were asked 
to score the ball speed achieved (1 = ‘extremely fast’ to 
7 = ‘extremely slow’).
2.4  Analysis of measures
Maximum ball velocity measures were presented as velocity 
in m s−1 as well as percentage of the player’s fastest shot, as 
maximum ball velocity is relative to the individual.
For accuracy assessment, the frame where the centre-line 
of the ball passed over the goal line was defined from the 
camera placed on the goal line. The equivalent frame from 
the camera placed in front of the goal was used for analy-
sis of shot accuracy. This frame was manually analysed in 
Image-Pro Analyzer (Version 7.0, Media Cybernetics, Inc., 
Rockville, MD). Ball location was defined as the centre point 
of the ball (x,y) obtained from the Best Fit Circle function 
using at least five digitised points on the ball circumference. 
The target location was defined by recording the ball stati-
cally placed at the defined target point (extreme top right 
corner of the goal) at the start and end of each test session. 
The two recordings were performed to ensure no camera 
movement during the session. The ball location, target loca-
tion and ball radius were extracted from Image-Pro Analyser 
as pixels and converted to metres through the known ball 
diameter (0.220 m). Accuracy was measured as radial offset, 
vertical offset (y-axis offset; Fig. 3), horizontal offset (x-axis 
offset; Fig. 3), zonal offset spread (Fig. 3) and success (goal/
no goal).
2.5  Statistical analysis
Statistical analysis was carried out using SPSS software 
(Version 23.0; SPSS Inc., Chicago, IL). All data is presented 
at mean ± standard deviation unless stated otherwise. Sta-
tistical significance was set at P ≤ 0.05. Data for the boot 
comparison was selected from session one and hence com-
paring within session measures. The independent variable 
of upper padding and dependent variables ball velocity 
measures (actual and percentage of maximum ball velocity 
Fig. 2  Aerial view of test setup. Note: Ball placed 16 m in front of 
centre of goal; Shots target top right corner of the goal; A TrackMan 
Football; B CASIO EX-FH1000 camera; C two GoPro HERO4 Black 
cameras; D goal
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achieved on an individual player basis), accuracy measures 
(radial offset, vertical offset, horizontal offset and variance 
of these measures using participant standard deviations) and 
subjective performance measures were assessed using one-
way MANOVAs for accuracy and velocity focused shots. 
Success was assessed using Fischer’s exact test.
To assess the test–retest reliability of the protocol, rela-
tive and absolute reliability of the performance variables 
were examined. The magnitude of relative reliability was 
determined by the two-way random effect intraclass cor-
relation coefficient  (ICC2,1; absolute agreement definition) 
using the mean participant scores for each of the two non-
padded boot sessions [27]. Values were interpreted based 
on the clinical significance levels suggested by Cicchetti 
[28]. Data was log-transformed due to heteroscedasticity as 
suggested by Vaz et al. [29] and Weir [27]. Absolute reli-
ability was assessed using standard error of measurement 
(SEM) and the smallest real difference (SRD) derived from 
the intra-class correlation coefficients following the methods 
explained by Weir [27].
3  Results
There was a statistically significant difference between upper 
padding conditions for ball velocity and accuracy measures 
in both accuracy focused kicks (F (8, 9) = 13.61, P < 0.001; 
Wilk’s Λ = 0.076, partial η2 = 0.924) and velocity focused 
kicks (F (8, 9) = 3.73, P = 0.033; Wilk’s Λ = 0.232, partial 
η2 = 0.768).
3.1  Effect of upper padding on shooting ball 
velocity
Ball velocity assessed as percentage of maximum and actual 
velocity showed no significant difference between upper pad-
ding conditions for both accuracy focused shots (Percentage: 
non-padded 72.6 ± 7.7%, padded 72.9 ± 7.4%, P = 0.933; 
Actual velocity: non-padded 22.7 ± 2.6  m  s−1, padded 
22.6 ± 2.8 m s−1, P = 0.898) and velocity focused shots 
(Percentage: non-padded 92.2 ± 2.8%, padded 93.0 ± 2.6%, 
P = 0.673; Actual velocity: non-padded 28.9 ± 1.9 m s−1, 
padded 29.0 ± 1.8  m  s−1, P = 0.707; Table  1) despite 
demonstrating moderate relative reliability (Percentage: 
 ICC2,1 = 0.640; Actual velocity:  ICC2,1 = 0.537; Table 1) 
and absolute reliabilities (SRD) of ± 10.1% for percentage 
defined ball velocity and 3.2 m s−1 for actual ball velocities.
3.2  Effect of upper padding on shooting accuracy
Likewise, no significant difference was found for radial off-
set outcomes between the two upper padding conditions for 
accuracy focused shots (non-padded 1.76 ± 0.90 m, padded 
1.86 ± 0.48 m, P = 0.439;  ICC2,1 = 0.824; SRD = 0.58 m) 
or velocity focused shots (non-padded 2.39 ± 1.17  m, 
padded 2.96 ± 0.86  m, P = 0.182;  ICC2,1 = 0.717; 
SRD = 1.06 m; Table 1). Similarly, no difference was seen 
for the horizontal offset for accuracy focused shots (non-
padded − 1.13 ± 1.24 m, padded − 1.02 ± 1.63 m, P = 0.767; 
 ICC2,1 = 0.900; SRD = 0.55 m) or velocity focused shots 
(non-padded − 1.60 ± 1.68 m, padded − 1.96 ± 1.52 m, 
P = 0.182;  ICC2,1 = 0.612; SRD = 1.54 m; Table 1). Verti-
cal offset was, however, significantly greater (ball above 
the bar) for shots performed in the padded boot for both 
accuracy focused shots (non-padded − 0.02 ± 1.05 m, pad-
ded 0.28 ± 0.87 m, P = 0.038;  ICC2,1 = 0.653; SRD = 0.70 m) 
and velocity focused kicks (non-padded 0.04 ± 1.33 m, pad-
ded 0.38 ± 0.86 m, P = 0.046;  ICC2,1 = 0.714; SRD = 0.73 m; 
Table 1).
Variance of radial offset was significantly greater in 
the padded boot during velocity focused shots (non-
padded 0.86 ± 0.38 m, padded 1.31 ± 0.41 m, P = 0.026; 
 ICC2,1 = 0.468; SRD = 1.13  m; Table  1), while no dif-
ference was seen for accuracy focused shots (non-pad-
ded 0.84 ± 0.27  m, padded 0.73 ± 0.16  m, P = 0.290; 
 ICC2,1 = 0.496; SRD = 0.42 m; Table 1). No difference was 
seen for variance of horizontal offset for accuracy focused 
kicks (non-padded 1.07 ± 0.41 m, padded 1.06 ± 0.36 m, 
P = 0.945;  ICC2,1 = 0.807; SRD = 0.0.61 m; Table 1) nor 
velocity focused kicks (non-padded 1.08 ± 0.47 m, padded 
1.57 ± 0.81 m, P = 0.182;  ICC2,1 = 0.551; SRD = 1.20 m; 
Fig. 3  Zones used to organise offset of shots. Four zones were created 
through placing a vertical line and a horizontal line intersecting at the 
target point. A football with radius ‘r’; B target point with r distance 
to goal post and crossbar; C goal post and bar; radial offset = distance 
Acentre–B. Zone 3 indicates a goal scored
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Table 1). Variance of vertical offset for accuracy focused 
kicks was significantly greater in the non-padded boot for 
accuracy focused shots (non-padded 1.12 ± 0.37 m, padded 
0.85 ± 0.24 m, P = 0.048;  ICC2,1 = 0.684; SRD = 0.66 m; 
Table 1), while no difference was seen for velocity focused 
shots (non-padded 1.19 ± 0.42 m, padded 1.18 ± 0.41 m, 
P = 0.238;  ICC2,1 = 0.617; SRD = 0.59 m; Table 1).
3.3  Effect of upper padding on shooting success
Success, measured by goals scored, was significantly higher 
for both accuracy and velocity focused shots in the non-
padded football boot (Accuracy Goal: non-padding 58%, 
padded 28%, P = 0.001;  ICC2,1 = 0.925; SRD = ± 12%; 
Velocity Goal: non-padded 57%, padded 44%, P = 0.001; 
Table 1  Ball velocity and accuracy results for the 0 mm and 8 mm padded boots in session 1 and relative and absolute test–retest reliability 
scores for repeated 0 mm padded boot test sessions
ICC2, 1 intraclass correlation coefficient: two-way random effect model (absolute agreement definition), SD Standard deviation, SEM standard 
error of measurement = SD × 
√
1 − ICC , SRD smallest real difference at 95% confidence intervals = SEM × 1.96 × 
√
2
Padding comparison Padding comparison
Skill Variable Boot Mean ± SD P value Session 1 Session 2 ICC2,1 SEM SRD
Mean ± SD Mean ± SD
Accuracy Velocity (%) 0 mm 72.6 ± 7.7 0.933 72.6 ± 7.7 72.3 ± 8.0 0.640 ±  3.6 ± 10.1
8 mm 72.9 ± 7.4
Velocity (m s−1) 0 mm 22.7 ± 2.6 0.898 22.7 ± 2.6 22.6 ± 2.1 0.537 ± 1.1 ± 3.2
8 mm 22.6 ± 2.8
Radial offset (m) 0 mm 1.76 ± 0.90 0.439 1.76 ± 0.90 1.76 ± 1.03 0.824 ± 0.21 ± 0.58
8 mm 1.86 ± 0.48
Radial variance (m) 0 mm 0.84 ± 0.27 0.290 0.84 ± 0.27 0.90 ± 0.49 0.496 ± 0.15 ± 0.42
8 mm 0.73 ± 0.16
Horizontal offset (m) 0 mm – 1.13 ± 1.24 0.767 – 1.13 ± 1.24 – 1.22 ± 1.40 0.900 ± 0.20 ± 0.55
8 mm – 1.02 ± 1.63
Horizontal variance (m) 0 mm 1.07 ± 0.41 0.945 1.07 ± 0.41 1.08 ± 0.60 0.807 ± 0.24 ± 0.61
8 mm 1.06 ± 0.36
Vertical offset (m) 0 mm – 0.02 ± 1.05 0.038* – 0.02 ± 1.05 – 0.18 ± 0.85 0.653 ± 0.25 ± 0.70
8 mm 0.28 ± 0.87
Vertical variance (m) 0 mm 1.12 ± 0.37 0.048* 1.12 ± 0.37 0.98 ± 0.32 0.684 ± 0.24 ± 0.66
8 mm 0.85 ± 0.24
Perceived accuracy 0 mm 3.5 ± 0.9 0.332 3.5 ± 0.9 3.3 ± 0.6 0.490 ± 0.00 ± 0.01
8 mm 3.1 ± 0.9
Velocity Velocity (%) 0 mm 92.2 ± 3.8 0.673 92.2 ± 3.8 92.5 ± 3.5 0.846 ± 1.3 ± 3.6
8 mm 93.0 ± 2.6
Velocity (m s−1) 0 mm 28.9 ± 1.9 0.707 28.9 ± 1.9 29.0 ± 1.8 0.944 ± 0.4 ± 1.2
8 mm 29.0 ± 1.8
Radial offset (m) 0 mm 2.39 ± 1.17 0.182 2.39 ± 1.17 2.41 ± 1.14 0.717 ± 0.38 ± 1.06
8 mm 2.96 ± 0.86
Radial variance (m) 0 mm 0.86 ± 0.38 0.026* 0.86 ± 0.38 0.97 ± 0.41 0.468 ± 0.36 ± 1.13
8 mm 1.31 ± 0.41
Horizontal offset (m) 0 mm – 1.60 ± 1.68 0.132 – 1.60 ± 1.68 – 1.67 ± 1.61 0.612 ± 0.56 ± 1.54
8 mm – 1.96 ± 1.52
Horizontal variance (m) 0 mm 1.08 ± 0.47 0.182 1.08 ± 0.47 1.18 ± 0.37 0.551 ± 0.43 ± 1.20
8 mm 1.57 ± 0.81
Vertical offset (m) 0 mm 0.04 ± 1.33 0.046* – 0.04 ± 1.33 0.06 ± 1.34 0.714 ± 0.26 ± 0.73
8 mm 0.38 ± 0.86
Vertical variance (m) 0 mm 1.19 ± 0.42 0.238 1.19 ± 0.42 1.26 ± 0.36 0.617 ± 0.21 ± 0.59
8 mm 1.18 ± 0.41
Perceived velocity 0 mm 2.7 ± 0.5 0.341 2.7 ± 0.5 2.7 ± 0.7 0.161 ± 0.00 ± 0.01
8 mm 2.6 ± 0.5
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 ICC2,1 = 0.0.527; SRD = ± 20%; Table 2). Of the attempts, 
30% were placed in zone 1 (misses above goal; Fig. 3) using 
the non-padded boot for both accuracy and velocity shots 
(Fig. 4). While 56% and 43% were placed in zone 1 in the 
padded boot condition, i.e., 26 and 13% points more than the 
non-padded boot, the difference being statistically significant 
for accuracy focused shots (P = 0.006; Table 3) but not for 
velocity focused shots (P = 0.847; Table 3).
3.4  Effect of upper padding on player perception 
of shooting accuracy and ball velocity
ICC2,1 was shown to be fair for accuracy perception and 
poor for velocity perception due to the small range of veloc-
ity scores (Table 1). The SRDs did, however, demonstrate 
an absolute reliability band of SRD = 0.1 for both percep-
tion measures. Despite the small SRD, players’ perception 
of accuracy and ball velocity performance did not signifi-
cantly differ between the masked upper padding condi-
tions (Accuracy: non-padded 3.5 ± 0.9, padded 3.1 ± 0.9, 
P = 0.742;  ICC2,1 = 0.490; SRD = ± 0.01; Velocity: non-pad-
ded 2.7 ± 0.5, padded 2.6 ± 0.5, P = 0.412;  ICC2,1 = 0.161; 
SRD = ± 0.01; Table 1). Interestingly, no players detected 
the design difference between the two boots. Some verbally 
reported no difference between boots, while some reported 
a slightly tighter or stiffer fit in the padded condition.
4  Discussion
Ball velocity, assessed as both actual velocity and as a per-
centage of the maximum velocity achieved by the player, 
demonstrated no significant differences between upper pad-
ding conditions. In agreement, players did not perceive any 
differences in ball velocity. This outcome does not support 
the addition of upper padding for performance enhancement, 
although no negative impact on ball velocity was detected 
either. Although no previous study has assessed the impact 
of upper padding on shooting performance, significant 
changes in performance have been found across difference 
boot models [2], stance leg traction [10] and toe box height 
[8]. However, not controlling the run up and no measure of 
the ball direction (accuracy), may have impacted the results. 
Using the applied protocol developed in this study to re-
assess these design features could strengthen the football 
boot design knowledge for shooting performance.
Despite the direction of offset being crucial in football, 
previous literature investigating shooting accuracy has 
only assessed radial offset [11, 12]. No significant differ-
ence was found for radial or horizontal offset for both accu-
racy and velocity focused shots between the upper padding 
conditions. Vertical offset, however, demonstrated signifi-
cant differences for both accuracy and velocity focused 
shots with those performed in the non-padded boot being 
significantly closer to target than those performed in the 
padded boot for both types of shots. This also resolved in 
more misses above goal for the padded boot. For the non-
padded boot 57–8% of shots went inside the goal (zone 3) 
and 30% directly above goal (zone 1), while for the padded 
boot 28–44% went inside goal and 43–56% directly above. 
These differences would not have been detected by solely 
assessing radial offsets. These results indicate players were 
challenged to keep the ball down and on target with the 
added padding which fails to lend support to accuracy or 
ball velocity performance benefits from added padding to 
football boot design. While an adaptation period may alter 
these results, the initial ‘try on’ results of this study do 
not favour added padding to football boots for shooting 
performance. Similar to velocity measures, studies have 
detected significant differences in radial offset with other 
Table 2  Success comparison 
results for the 0 mm and 8 mm 
padded boots in session 1 and 
relative and absolute test–retest 
reliability scores for repeated 
0 mm padded boot test sessions
Pearson’s  Chi2 test
ICC2, 1 intraclass correlation coefficient: two-way random effect model (absolute agreement definition), SD 
standard deviation, SEM Standard error of measurement = SD × 
√
1 − ICC , SRD smallest real difference at 
95% confidence intervals = SEM × 1.96 × 
√
2
P value significance level set at 0.05
Skill Boot Success % P value Session 1 Session 2 ICC2, 1 SEM SRD
Mean ± SD Mean ± SD
Accuracy kick 0 mm Goal 58 0.001*** 58 ± 21 58 ± 26 0.925 ± 4 ± 12
No goal 41
8 mm Goal 28
No goal 72
Velocity kick 0 mm Goal 57 0.001*** 57 ± 22 55 ± 17 0.527 ± 7 ± 20
No goal 43
8 mm Goal 44
No goal 56
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design features (boot model [11] and lacing style [12]). 
Yet, comparable to the velocity focused studies the above-
mentioned external factors and lack of ball velocity control 
may have impacted these results.
No previously published research has measured both shot 
velocity and accuracy within the same study. This should be 
considered a limitation as players may alter one to gain the 
desired performance for the other, thereby confounding the 
outcome. The speed-accuracy trade-off [13] was observed 
in this study; a velocity focus led to higher shot velocities 
but with a reduced shot accuracy and repeatability, while an 
accuracy focus led to more accurate shots but ball velocity 
was lower and less repeatable.
The test–retest reliability for ball velocity and accuracy 
is important to understand, as human testing is likely to be 
impacted by external factors such as player skill level and 
equipment sensitivity. Assessments in football have previ-
ously been conducted for shooting performance focused 
studies. These demonstrated lower reliability than observed 
in this study despite similar shooting distances being used 
(16 m in this study, 15 m in Russell et al. [16] and 16.5 m 
in Ali et al. [15]). Differences may lie within the player 
ability, run up, shot type and ball impact point, which have 
all been shown to impact shooting performance [23–25, 
30–35]. Ali et al. [15] and Russell et al. [16] assessed pro-
tocols designed to investigate player skill level on in-play 
Fig. 4  a–d Shot outcome distribution for accuracy and velocity shots split by upper padding condition in session 1 with percentage of shots 
within the four designated zones around the target point. (0,0) represents the target point
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shooting performance and, therefore, included less control 
for consistency in the shooting task; this study focused on 
a dead ball situation with greater control over the shooting 
task. Therefore, for this study it was necessary to develop a 
novel test specific protocol. The test–retest reliability values 
obtained indicate that the proposed protocol is appropriate 
when assessing the impact of an external factor, such as boot 
design or ball design, on shooting performance in football.
In this study, inconsistencies resulting in reduced 
test–retest reliability were believed to be predominantly 
caused by the inability of the player to reproduce a con-
sistent shooting output. Ball velocity was more reliable for 
velocity focused shots (SRD ± 1.2 m s−1) in comparison to 
accuracy focused shots (SRD ± 3.2 m s−1) most likely due 
to the lesser attention given to ball velocity for the latter 
shot type. Similar trends were seen for shot accuracy. This 
indicates that when a player is asked to focus on a specific 
outcome variable, e.g., maximise shot velocity, the natural 
human variation in this outcome variable is reduced.
4.1  Limitations
No boot ‘break in’ experience or longer-term adaptation 
period for players was included within the test protocol. 
It should be acknowledged that both short- and long-term 
changes in performance may occur when a player is exposed 
to new football boots although neither were the focus of this 
study.
Second, when developing a protocol to assess the impact 
of a small adjustment like football boot design then it is 
essential to control for other confounding factors. Within 
this study the aim was to allow natural player movement 
in a repeatable pattern while also including more control 
than past literature investigating the effect of boot design on 
shooting performance specifically in the run-up phase. Play-
ers reported that once their preferred run up had been set, 
the shooting appeared to be a natural movement for them. 
This is expected, since players’ practice free kicks in train-
ing which includes trying to achieve an optimal run up pat-
tern. By controlling run up and shot type it is believed that 
ecological validity can be achieved despite actively trying 
to minimise human error.
Third, the technical level of the players recruited will 
impact the outcome of human testing. Higher technical 
level leads to reduced intra-participant variability in tech-
nique [36, 37]. This study assessed skilled university players 
and future research should aim to include participants at 
an equivalent or higher level to maintain reliability scores 
within the values obtained in this study.
Finally, only one boot design, padding material, pad-
ding thickness and padding area was tested. Further 
study is required to assess the degree to which the results 
Table 3  Zonal offset results 
for the 0 mm and 8 mm 
padded boots in session 1 and 
relative and absolute test–retest 
reliability scores for repeated 
0 mm padded boot test sessions
Pearson’s  Chi2 test
ICC2, 1 intraclass correlation coefficient: two-way random effect model (absolute agreement definition), SD 
standard deviation, SEM standard error of measurement = SD × 
√
1 − ICC , SRD smallest real difference at 
95% confidence intervals = SEM × 1.96 × 
√
2
P value significance level set at 0.05
Skill Boot Zone % P value Session 1 Session 2 ICC2, 1 SEM SRD
Mean ± SD Mean ± SD
Accuracy kick 0 mm 1 30 0.006** 30 ± 17 25 ± 17 0.603 ± 6 ± 17
2 12 12 ± 13 16 ± 15 0.460 ± 5 ± 14
3 58 58 ± 21 58 ± 26 0.925 ± 4 ± 12
4 < 1 <1 ± 0 1 ± 4 0.000 ± 2 ± 7
8 mm 1 56
2 11
3 28
4 5
Velocity kick 0 mm 1 30 0.847 30 ± 17 29 ± 8 0.377 ± 7 ± 19
2 11 11 ± 14 16 ± 13 0.471 ± 5 ± 14
3 57 57 ± 22 55 ± 17 0.527 ± 7 ± 20
4 1 1 ± 4 <1 ± 0 0.000 ± 2 ± 7
8 mm 1 43
2 11
3 44
4 2
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obtained herein are applicable across a greater range in these 
variables.
5  Conclusion
In summary, a novel protocol has been developed to assess 
the impact of equipment, e.g., football boots, on perfor-
mance of shooting measured though ball velocity and ball 
accuracy measures. Comparing two boot models with dif-
ferent upper padding thickness (no additional padding and 
8 mm of memory foam padding) a negative impact of upper 
padding on accuracy has been demonstrated. Specifically, 
the padding increased the vertical offset of ball flight lead-
ing to the player missing the goal more frequently. In con-
trast, upper padding had no effect on ball velocity. Little 
is known about how football boot design impacts shooting 
performance; future research could benefit from the protocol 
developed herein to reliably investigate this topic.
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